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1. CHAPTER 1.A COMPARATIVE ANALYSIS OF MULTIPLE BASELINE
AND MULTIPLE PROBE DESIGNS 
 1.1 Introduction
The multiple baseline family of designs includes multiple baseline and multiple
probe designs. This paper describes procedures for using these designs, advantages and 
disadvantages of the designs, and how multiple probe addresses some of the disadvantages 
associated with multiple baseline. It then outlines considerations for selecting a multiple 
baseline or a multiple probe design and design variations. 
1.2  Procedures 
The multiple baseline and multiple probe designs are commonly used single case 
designs used to evaluate the effectiveness of an intervention. The designs are extensions 
of AB designs (Ferron & Scott, 2005), where a baseline (A) condition is compared to an 
intervention (B) condition. The resulting A-B graphs are stacked to form tiers and 
presented as a single figure (Gast, Lloyd & Ledford, 2018). Only one variable is changed 
when intervention the condition begins, that variable may be a single strategy (e.g., 
positive reinforcement) or a multicomponent treatment package (Manolov, Gast, 
Perdices, & Evans, 2014). 
The behavior of interest (i.e., dependent variable [DV]) is measured repeatedly over 
time across conditions. Before the independent variable (IV) is introduced, data must be 
stable across tiers (Gast et al., 2018). When the IV is introduced in the first tier, data are 
concurrently and continuously monitored in untreated tiers. Thus, the IV is time lagged 
across tiers. The number of data points in each condition will vary (Ferron & Scott, 
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2005), but there should be at least three and preferably five data points per condition 
according to What Works  
Clearinghouse (WWC) (2013) standards. 
1.3  Demonstrating Effect 
The time lagged introduction of the IV increases the chance that behavior changes 
occur due to the IV and decreases the chance that changes are the result of something 
other than the IV (i.e., confounding variables). Baseline conditions for all tiers must begin 
at the same time for this argument to be convincing. Multiple baseline designs may 
consist of as few as two tiers of A-B designs (Cooper Heron, & Heward, 2014), however 
a minimum of three tiers is necessary to demonstrate a functional relation. This allows for 
three changes to occur across three points in time for three target behaviors (WWC, 
2013). A basic demonstration of effect occurs each time behavior changes for tiers “as 
they are exposed to the intervention” and not for those “not yet exposed to the 
intervention” (Murphy & Bryan, 1980). Designs are replicated to increase external 
validity (Manolov et al., 2014). 
1.4  Advantages and Disadvantages 
Time-lagged designs have several advantages. They can be used to assess both 
reversible and non-reversible behaviors (Murphy & Bryan, 1980) and require only one or 
a few participants per design. Additionally, they do not require treatment to be 
withdrawn. The differing length of baselines alert the researcher to maturation and history 
effects because even if they occur for each participant, it is unlikely they would coincide 
with the introduction of the intervention in each case (Ferron & Scott, 2005). Finally, 
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these designs can be used to assess interventions across behaviors, contexts, and/or 
participants (Cooper et al., 2014). 
Disadvantages of these designs are related to the length of conditions. History, 
maturation, and attrition are threats, particularly when there are multiple participants 
because participants in later tiers may remain in the baseline condition for extended 
periods of time (Cooper et al., 2014; Kazdin & Kopel, 1975). Data instability can also be 
a challenge since all tiers must be stable before the intervention is introduced to any tier 
(Gast et al., 2018). 
 1.4.1 Multiple Probe Design
Multiple probe is a variation of multiple baseline design. It was proposed by Horner 
and Baer in 1978 for cases when baselines might be extended, when behavior is unlikely 
to change in the absence of intervention, and/or in cases where there is a risk of the 
participant learning ritualistic behaviors (i.e., when teaching chained behaviors). It differs 
from multiple baseline in the frequency of planned data collection during the pre-
intervention condition. The determination of which design to use must be made before the 
study is started. Data collection is continuous during the pre-intervention condition for 
multiple baseline design (Gast et al., 2018), whereas multiple probe design utilizes 
infrequent scheduled probes during the pre-intervention condition (Murphy & Bryan, 
1980). There are guidelines to determine when and how often these probes must occur 
(see WWC, 2013). Missing scheduled data collection in a multiple baseline design does 
not make it a multiple probe design, nor does increased pre-intervention condition data 
collection (e.g., due to data instability) in a multiple probe design make it a multiple 
baseline design (Gast et al., 2008). 
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 1.5 Selecting a Design
When choosing whether to use a multiple baseline or multiple probe design, the
research question and DV should be considered in conjunction with the characteristics of 
each design. Multiple probe designs have fewer data points in the pre-intervention 
condition which can be a disadvantage if the target behavior is variable (Horner & Baer, 
1978). Pre-intervention condition data collection results in more data and is often used for 
free operant behaviors. However, frequent exposure to assessment in the pre-intervention 
condition could result in testing threats. If this is a concern, a multiple probe design may 
be preferable  
(Gast et al., 2018). 
 1.5.1 Types of Multiple Baseline and Multiple Probe
There are three types of multiple baseline and multiple probe designs. The 
researcher can examine the effect of the IV across behaviors or sets of behaviors for a 
single participant, across contexts (e.g., setting, people) for a single participant, or across 
participants. 
Both multiple probe and multiple baseline designs are commonly employed across 
behaviors. The behaviors must be similar, but functionally independent (Kazdin & Kopel, 
1975). For example, three cooking tasks could be chosen but they would all have to have 
differing series of steps, otherwise learning one of the cooking tasks could result in the 
participant learning part of a task in another tier before the IV is introduced to a 
subsequent tier. Evaluation of the IV across behaviors allows for both intra- and inter-
participant replication within a single study if there are multiple participants; three 
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behavior are assessed for each participant, thus each participant’s data is a complete 
single case design (Gast et al., 2018). 
Multiple baseline design is more commonly used across contexts than multiple 
probe. This is because it can be difficult to identify functionally independent contexts and 
continuous data collection will alert the researcher to covariation as soon as it occurs. 
Accurate measurement and procedural fidelity across contexts can be difficult, especially 
if different implementors are employed. Advantages of this version of the designs are 
promoting of generalization and the opportunity for intra- and inter-participant replication 
within a single study. As with studies that examine the effect of the IV across behaviors, 
each participant’s data across contexts is a complete single case design (Gast et al., 2018). 
Generalization is promoted because the target behavior is performed in a variety of 
settings. 
Multiple baseline design across participants is most common. Individuals with 
similar characteristics in similar environments are selected for this type of design 
(Murphy & Bryan, 1980). History, maturation, and attrition are particular concerns for 
this variation, especially for participants in later tiers due to the extended length of time 
they are exposed to the pre-intervention condition before intervention begins (Gast et al., 
2018). 
 1.5.1.1 Multiple Probe Variations 
There are two variations associated solely with multiple probe designs. The days 
variation is most common. It requires data to be collected for three consecutive sessions 
“immediately prior to the introduction of the independent variable” (Gast et al., 2018, p. 
248; Murphy & Bryan, 1980) in that tier and a probe in the other tiers. The conditions 
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variation uses a probe condition for at least three sessions across tiers before the IV is 
introduced to any tier (Gast et  
al.). 
 1.6 Conclusion
In conclusion, multiple baseline and multiple probe designs have more 
commonalities than differences. Procedurally, they differ only in the frequency of pre-
intervention data collection (Murphy & Bryan, 1980). Both are time lagged to enhance 
internal validity of each design, are appropriate for both reversible and non-reversible 
behaviors, and have the potential for intra- and inter-participant replication within a 
single design (Gast et al., 2018). Both are susceptible to attrition and maturation. Testing 
threats are a concern with multiple baseline design. As when selecting a design family, 
the research question and DV will drive the decision of whether to utilize a multiple 
baseline or a multiple probe design (Murphy & Bryan; Horner & Baer, 1978). 
 CHAPTER 2.AN EVALUATION OF THE RIGOR, QUALITY, AND 
POTENTIAL FOR BIAS IN FOX AND COLLEAGES’ 2011 EDUCATOR
COACHING STUDY 
 2.1 Introduction
This paper evaluates Fox, Hemmeter, Synder, Binder, and Clarke’s 2011 research
article Coaching Early Childhood Special Educators to Implement a Comprehensive 
Model for Promoting Young Children’s Social Competence for rigor, quality, and 
potential for bias. In the study, Fox and colleagues employed a multiple probe single case 
design to evaluate the effect of coaching on the behaviors of three teachers. The study 
contained one single case design. 
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2.2 Evaluation of Rigor
Rigor was evaluated using a combination of What Works Clearinghouse (WWC)
(2013) single case design criteria as detailed by Kratochwill et al. (2013), as well as 
suggestions put forth by Council for Exception Children (CEC) (2014) and researchers 
such as Ledford & Wolery (2013) regarding procedural fidelity (PF) data collection. 
Several components should be considered when evaluating rigor. First, there must a 
systematic manipulation of the independent variable (IV). As Kratochwill and colleagues 
(2013) explained, this minimizes threats to internal validity by reducing the likelihood 
that changes in behavior occur as a result of some event other than the IV. The study 
conducted by Fox et al. (2011) explicitly describes the procedures used in both the 
baseline and intervention conditions, revealing clear differences between conditions. 
To meet design standards, there must be at least five data points collected  
during each baseline and intervention condition. There must also be adequate 
opportunities for demonstrating effect. The minimum number of opportunities required 
for a rigorous multiple probe design is three across three different points in time 
(Ledford, Lane, & Tate, 2018a; WWC, 2013). The study meets both these standards by 
including three participants with five or more data points per condition (Fox et al., 2011). 
The next area for evaluation is data reliability. Interobserver agreement (IOA) and 
PF data must both be collected for at least 20% of sessions in each condition for each tier 
(e.g., participant). Both agreement and fidelity should be 80% or greater in each case 
(CEC, 2014; Ledford & Wolery, 2013). Fox et al. (2011) collected IOA data for more 
than 20% of all sessions for all conditions for each tier and agreement was greater than 
80%. However, they did not collect PF data for the teacher coaching sessions. For this 
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reason, the study does not meet recommended standards (Ledford & Wolery, 2013). If a 
study does not meet design standards for any reason, typically evaluation would not 
continue. In this case, all aspects of the study will be evaluated. 
Multiple probe designs have several unique rigor considerations. First, the data in 
pre-intervention for each tier must include a data point in the first three sessions; to meet 
design standards without reservations, each tier should have a data point in each of the 
first three sessions (Horner, et al., 2005). Fox and colleagues (2011) collected data for 
four consecutive sessions for each at the beginning of the pre-intervention condition. Data 
were not collected for the second tier during the third session, but as data was collected 
during the fourth session, resulting in at least three initial data points in all tiers without a 
break in the data path, it can be argued that the study meets standards (Fox et al., 2011, 
Figure 2). 
Additionally, there should be three consecutive data points immediately prior to the 
introduction of the IV and one probe at least every eight session across tiers (Gast, Lloyd, 
& Ledford, 2018). The study met both criteria. It is notable that because sessions did not 
occur every day, it may not appear probes were conducted frequently enough. However, 
closer inspection reveals probe sessions did not occur daily and probe data was, in fact, 
collected at least once every eight sessions (Fox et al., 2011, Figure 2). Finally, standards 
require either one data point in all previous tiers immediately before the IV is introduced 
to any tier or a data point in all later tiers when the intervention criterion for any tier has 
been reached (WWC, 2013). Both these criteria were meet. The first two tiers reached 
criterion at approximately the same time and data was collected in the third tier 
immediately afterwards (Fox et al., Figure 2). 
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Although the standards for rigor were not met due to a lack of PF data, visual 
analysis using guidelines outlined by groups such as CEC (2014) and WWC (2013) were 
used to determine if a functional relation was present in this study. These include an 
evaluation of data level, trend, and variability; points of overlap, immediacy of effect, and 
consistency of data across similar conditions. There was an immediate therapeutic change 
in the level of the data in tiers one and three, and a delayed therapeutic change in tier two 
when and only when the IV was introduced. The first tier had no points of overlap while 
the second and third tiers had minimal overlap. There were three demonstrations of effect 
and no demonstration of non-effect which rates a strong demonstration of effect 
according to WWC (2013) standards. 
2.3 Evaluation of Quality and Bias 
Several categories warrant consideration for evaluating the quality and the potential 
for bias of a study. The first category is randomization. If randomization is appropriate, it 
should be used to reduce risk of bias. In Fox et al. (2011) study it would have been 
appropriate to randomize which teachers were selected out of those who met inclusion 
criteria, however the participant description reveals only three teachers were interested in 
participating in the study. Since at least three participants were necessary to demonstrate 
a functional relation, it was appropriate to recruit all three. Additionally, it would have 
been appropriate to randomize teacher assignments to tiers (Kratochwill & Levine, 2010; 
Ledford et al., 2018a), but this is not reported (Fox et al., 2011), creating the potential for 
a high risk of bias. The second category is blinding (Ledford et al., 2018a). Data were 
collected by observer blind to conditions (Fox et al., 2011), resulting in a low risk of bias 
for this category (Ledford, Lane, & Gast, 2018b). 
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The third category for evaluation includes factors that impact quality: ecological 
validity, social validity, generalization, and maintenance. The study was ecologically 
valid because the participants were typical implementors (i.e., teachers) in the natural 
setting (i.e., their classrooms), working with their students (CEC, 2014; Fox et al., 2011; 
Ledford et al., 2018a). Social validity measures should include goals, outcomes, and 
procedures (Barton, Meadan-Kaplansky, & Ledford, 2018; CEC, 2014; Kennedy, 2000). 
The goals for the study were set by the participants, indicating the goals were socially 
valid. After the study, the participants completed a questionnaire and an interview. They 
indicated the model employed in the study was helpful, they “would continue to 
implement practices,” and all “strongly agreed coaching was beneficial to their 
implementation” (Fox et al., p.188). These responses provide evidence of socially valid 
outcomes and procedures. 
Generalization and maintenance should also be considered when assessing quality 
(Kennedy, 2000; Ledford et al., 2018a). Generalization was not mentioned in the study. It 
could have been assessed by observing teachers during different activities or in different 
settings (e.g., playground). Maintenance was assessed for the first two participants while 
the third tier was exposed to the IV. The third participant did not reach criterion before 
the end of the school year and the study (Fox et al., 2011). 
The final category for consideration includes aspects of both bias and quality and 
addresses the appropriateness of the participants for the study. The participants were 
appropriate given the research question which related to teacher training, the inclusion 
criteria (e.g., early childhood educators), and the descriptive information. The teachers 
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expressed an interest receiving training in the areas covered by the training (CEC, 2014; 
Fox et al., 2011). 
 2.4 Conclusion
In conclusion, the study by Fox and colleagues (2011) examined coaching of early 
childhood educators and did not meet design standards due to a lack of PF data. Apart from 
this, the study was rigorous; for example, there were adequate data points and opportunities 
for demonstrations of effect. A functional relation between the IV and behavior change was 
demonstrated. The quality and risk of bias were negatively impacted by the lack of 
randomization and generalization, however the risks associated with blinding and 
participants were low. 
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 CHAPTER 3.COACHING IN THE CLASSROOM
Ms. Martin is a lead teacher in an early childhood (EC) education classroom. She 
has several students in her class with language delays and a few students who are 
learning play skills. It is important to her that the classroom staff use responsive 
interaction strategies such as following the child’s lead and narrating play when they 
play with the children to help create a classroom environment that provides opportunities 
for growth. Ms. Martin has always been proud that her classroom is considered a model 
of responsive interaction use at the EC center where she works. Recently, one of Ms. 
Martin’s long-time classroom assistants retired and the new assistant is not familiar with 
these strategies. Ms. Martin is confident she can teach these strategies, but she is unsure 
how to best go about it with the limited time she has during the school day. 
 3.1 The Importance of Training 
The effective training of EC educators affects children’s success beyond the 
classroom. The National Institute of Health and Human Development (NICID) conducted 
a study that followed 1,083 children for 4.5 years. They found that factors in EC 
education settings, including teachers’ implementation of strategies to provide quality 
childcare (e.g., providing a stimulating environment and nurturing relationships), have a 
long-term impact on child outcomes even when differences in home life are taken into 
account (NICHD Early Child Care Research Network, 2002). Paired with the fact that 
there is no minimum education requirement for EC educators in the United States 
(Hemmeter, Michaelene, & Ostrosky, 2008) the importance of quality training becomes 
clear. 
 3.2 What Is Coaching
Coaching is a collection of adult driven teaching strategies that can be used to
deepen individuals’ understanding of practices, improve on existing skills, or to develop 
new abilities (Dunst & Trivette, 2012; Rush & Sheldon, 2008). There are multiple 
coaching methods and they share three key components. The first key component is 
modeling (Snyder, Hemmeter, & Fox, 2015; Ward-Horner & Sturmey, 2012). Modeling 
is providing the trainee(s) the opportunity to see the skill being performed correctly. This 
can entail modeling with peers, modeling with the relevant individuals, and video 
modeling as used by Shepley, Lane, Grisham-Brown, Spriggs, and Winstead (2018). The 
second key component is practice. The learner should have opportunities to engage in the 
new skill in the natural environment (Artman-Meeker & Hemmeter, 2012; Trivette, 
Dunst, Hamby, & O’Herin, 2009). 
The third key component is feedback based on the trainee(s) performance of the 
skill (Snyder et al., 2015; Ward-Horner & Sturmey, 2012). Feedback can take several 
forms. It can be provided verbally or in writing. Feedback is most effective when it is 
provided immediately. It should be used to let the trainee(s) know what they did well and 
where they need improvement (Artman-Meeker, Fettig, Barton, Penney, & Zeng, 2015). 
In a 2015 literature review, ArtmanMeeker and colleagues found coaching commonly 
includes additional elements such as didactic instruction (Ward-Horner & Sturmey, 
2012), planning (ArtmanMeeker & Hemmeter, 2012; Shepley et al., 2018), and rehearsal 
(Ward-Horner & Sturmey, 2012). 
After doing some research, Ms. Martin decides she wants to use coaching to teach 
her new assistant to use responsive interaction strategies. She has read about many the 
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components of coaching and the possible ways she could use them, but the amount of 
information she has found is overwhelming. She is not sure how to proceed. 
3.3  Considerations When Using Coaching 
The components of coaching are flexible and should be individualized to meet the 
needs of the trainee(s). Coaching is most effective when multiple components are used and 
when it occurs in the natural setting (Dunst & Trivette, 2012). Before beginning, you will 
need to decide which components of coaching best fit your situation. Modeling, practice, 
and feedback should always be included, as they have been identified as essential 
components (Dunst & Trivette; Snyder et al., 2015; Ward-Horner & Sturmey, 2012). The 
ordering of common components is: didactic instruction, planning, modeling, practice, and 
feedback. 
 3.3.1 Didactic Instruction
Didactic instruction can take a number of forms. It can include a  
PowerPoint presentation, an instructional manual, and/or a handout (Artman- 
Meeker et al., 2015). It may include demonstrating the skill you are teaching  
(Dunst & Trivette, 2012). It can take up to an hour (Shepley et al., 2018; Barton,  
Chen, Pribble, Pomes, & Kim, 2013) and occur multiple times (Artman-Meeker & 
Hemmeter, 2012) or it can take as few as 2-3 minutes (Lane et al., 2016). At a minimum, 
didactic training should include: (a) a rationale (reason) for the skill being taught, (b) a 
brief explanation of the skill, and (c) a chance for the trainee(s) to ask questions (Artman-
Meeker & Hemmeter; Lane et al.; Shepley et  
al.). 
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 3.3.2 Planning
Planning refers to planning when or how the learner will utilize the skill in the 
natural environment (Artman-Meeker et al., 2015). This may be self-evident, as in the 
case of using responsive interaction strategies during play, or it may require the trainee(s) 
to identify opportunities to practice the skill (Lane et al.,  
2016; Shepley et al. 2018). 
 3.3.3 Modeling
Modeling is a key component of coaching. It may be limited by time constraints 
or the classroom schedule (e.g., when can coaching occur, when is the skill needed). 
Ideally, the skill will be modeled in the natural environment. It may be more practical to 
use prerecorded video model than providing a live model because the trainer can ensure 
the quality of the model. Additionally, a video model can be referenced when providing 
feedback (Lane et al., 2016;  
Shepley et al. 2018). 
 3.3.4 Practice
Practice not only allows the trainee(s) to actively participate in the learning 
process (Fabiano et al., 2013), it also sets the occasion for feedback to occur.  
Learners should have multiple opportunities to practice the skill in the natural environment 
(Dunst & Trivette, 2012). The practice-feedback loop should continue across coaching 
sessions until the trainee(s) has met pre-determined criteria (Lane et al., 2016). 
 3.3.4.1 Rehearsal or Role Play 
Some skills may only be relevant during certain times of the day, such as 
strategies to transition groups of children in and out of the classroom. If there are limited 
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natural opportunities to practice the skill, or if the skill is complex, the trainer may want 
to provide the trainee(s) opportunities to rehearse or role play  
(Barton et al., 2013). 
 3.3.5 Feedback
Feedback is another key component of coaching (Barton et al., 2013). There are 
several ways feedback can be delivered. Feedback should be provided after observing the 
trainee(s) engage in the skill and should include: (a) behavior specific praise describing 
what the trainee(s) did well, (b) areas for improvement, (c) and a chance for the trainee(s) 
to ask questions (Ledford, Lane, & Barton, 2019). It can occur in person or via email 
within 8 hours of the trainer observing the trainee(s) performing the skill (Artman-
Meeker & Hemmeter, 2012). In addition to occurring after the skill is performed, 
feedback can occur before in the form of a reminder of skills to focus on based on 
previous sessions (Barton et al., 2013). Additionally, the learner should have the 
opportunity to reflect on and evaluate their performance during this time. (Dunst & 
Trivette, 2012). Feedback can also occur in vivo (during) an observation in the form of 
verbal prompts  
(Barton et al., 2013), behavior specific praise, and/or directing the trainee(s) to 
opportunities to use the skill (Lane et al., 2016).  
3.3.5.1 Follow Up 
Research indicates that when feedback is no longer provided, skills may return to 
baseline levels (Artman-Meeker & Hemmeter, 2012; Neuman & Cunningham, 2009; 
Rudd, Lambert, Satterwhite, & Smith, 2009). If possible, a plan should be in place to 
provide feedback at intervals once the trainee(s) consistently performs the skill. 
15
Ms. Martin found a one-page handout online describing responsive interaction 
strategies. She has decided to provide this to her new assistant during rest time, take a 
few minutes to explain why this is an important skill for classroom staff to use, and to 
answer questions. She does not want to use a video model due to the center’s strict 
regulations regarding the use of technology. There are a couple children who do not 
sleep during rest time, so she plans to model the behavior with them. Ms. Martin will 
have her assistant practice the skills during rest time so she can observe her and provide 
feedback when they do not have to divert their attention to many children. 
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